Abstract. We present 71 Emission Line objects selected from the REX survey. Except for 3 of them, for which the presence of an active nucleus is dubious, all these sources are Active Galactic Nuclei (QSOs, Seyfert galaxies, emission line radiogalaxies). In addition, we present the spectra of other 19 AGNs included in a preliminary version of the REX catalog but not in the final one. The majority (80) of the 90 sources presented in this paper is newly discovered. Finally, we present the general properties in the radio and in the X-ray band of all the AGNs discovered so far in the REX survey.
Introduction
The REX survey is an effort aimed at the selection of a sizable, statistically complete sample of Radio-Emitting Xray sources (REXs). A detailed description of this survey has been presented in Caccianiga et al. (1999) . In summary, the REX survey is the result of a positional crosscorrelation between the NRAO VLA Sky Survey (NVSS, Condon et al. 1998 ) at 1.4 GHz and an X-ray catalog of about 17,000 serendipitous sources detected in 1202 pointed ROSAT PSPC fields. The flux density limit in the radio band (at 1.4 GHz) is 5 mJy while in the Xray band the flux limits range from ∼3.5×10 −14 erg s −1 cm −2 to ∼2×10 −13 erg s −1 cm −2 (0.5-2.0 keV). The area covered at the highest flux limit is about 2200 deg 2 . The cross-correlation has produced a catalog of ∼1600 REX sources. The spectroscopic observation of the REXs is in progress and, to date, the percentage of identifications is about 30%. Among these sources, 232 Emission Line Send offprint requests to: A. Caccianiga, caccia@oal.ul.pt ⋆ Partly based on observations collected at the European Southern Observatory, La Silla, Chile (EL) objects (mostly AGNs), 72 BL Lacs and 176 optically "non-active" galaxies have been found. About 30% of these objects are newly discovered. A previous paper (Wolter et al. 1998 ) reported a small fraction of these new identifications; in this paper we present the spectra of 71 EL objects not included in Wolter et al. (1998) . In addition, we present other 19 EL objects that were included in a preliminary version of the REX survey but not in the final catalog.
The paper is organized as follows: in section 2 we present the optical observations, in section 3 we explain the criteria used for the classification of the EL sources, in section 4 we discuss the general radio and X-ray properties of the EL AGNs discovered so far in the REX survey. Our conclusions are summarized in section 5. Throughout this paper we use H 0 =50 km s −1 Mpc −1 and q 0 =0.
Spectroscopic Observations
Several spectroscopic observations of REX sources have been carried out during the period 1995/1998 using the 88" telescope of the University of Hawaii (UH) in Mauna Kea (5 observing runs), the 2.2m and 3.6m telescopes of ESO in La Silla (1 run) and the UNAM 2.1m telescope in S. Pedro Martir (3 runs). The results coming from the first two observing runs at UNAM have been presented in Wolter et al. (1998) and will not be considered here. The instrumental configurations are summarized in Table 1 . In all cases, we have used a long-slit and low dispersion (from 3.7Å/pixel to 13.2Å/pixel) grating that maximizes the wavelength coverage. For the data reduction we have used the IRAF longslit package. The spectra have been wavelength calibrated using an He-Ar (UNAM, ESO) or a Hg-Cd-Zn (UH) reference spectrum. The photometric standard stars used for the relative flux calibration are: Feige 34 (UNAM 96/12), HD 19445 (UH 96/01, UH96/08), LTT377 (ESO 96/12), SAO098781 (UH 97/03), HD84937 (UH 98/02), PG0216+032 (UH 98/10). In general, we have two exposures for each object, except for few cases in which we have only one spectrum. The subtraction of the cosmic rays has been made manually, from the extracted spectrum.
On average, the seeing during the observing runs ranged from 0.9 ′′ (August 1996, December 1996, February 1998) to 1.5 ′′ . We have consequently used, except for few cases, a slit of 1.5-1.6
′′ to maximize the signal.
In Tables 2, 3 and 4 we present the journals of the observing runs at UH 88", ESO 2.2m/3.6m and UNAM 2.1m telescopes, respectively. For each object we report name, NVSS position (J2000), X-ray flux corrected for Galactic absorption (in units of 10 −13 erg s −1 cm −2 in the 0.5-2.0 keV band), NVSS integrated flux density at 1.4 GHz (in mJy), observing set-up, date of the observation and total exposure time. The objects without the prefix "REX" in the name do not belong to the final REX catalog.
The X-ray flux has been derived from the count-rate using the value of Galactic N H at the source position (Dickey & Lockman 1990 ) and assuming α X =1, which is the mean value expected for our sources. For some of the sources that are not in the final REX catalog, the X-ray flux has been computed from the count-rate found in the 1RXP catalog (ROSAT NEWS n.32, 1994), converted from the 0.1-2.4 keV to 0.5-2.0 keV band. These X-ray fluxes are indicated with an asterisk in Tables 2,  3 and 4. The uncertainty on the X-ray fluxes is about 20%. The typical rms of the radio (NVSS) maps is 0.45 mJy/beam 1 . We note that in the case of objects in cluster or in group of galaxies the X-ray flux is the sum of the active nucleus plus the extended thermal component. Given the available statistics and the spatial resolution of the PSPC, particularly poor in the external part of the field, in most cases we are not able to distinguish the two components. We have evidence, from the optical images, that 4 objects belong to a cluster/group of galaxies: we believe that in these cases the X-ray luminosity is mainly due to the diffuse intracluster gas (see Sect. 3).
The Emission Line objects
In this paper we present newly identified Emission Line objects. We define Emission Line objects those sources for which at least one strong (EW≫5Å in the source rest frame) emission line is present in the spectrum. This criterium excludes BL Lac objects and radiogalaxies without emission lines in their spectrum. There is evidence (Vermeulen et al. 1995; Corbett et al. 1996; Marchã et al. 1996) that some "true" BL Lacs might show emission lines with an equivalent width slightly larger than the "canonical" limit of 5Å, proposed by Stocke et al. (1991) . However, the majority of the objects presented here show very strong emission lines well above the limit of 5Å.
We further classify objects as Broad Emission Line (BEL) AGNs if at least one line has a FWHM>1000 km/s (in the source rest frame), or Narrow Emission Line (NEL) object if all the observed lines have FWHM< 1000 km/s. This classification reflects the common division between "type 1" (i.e. Broad Line) and "type 2" (Narrow Line) AGNs often discussed in literature. The majority of the EL objects presented here is "type 1" AGNs. In one case (1REXJ213248−0219.8), the FWHM of Hβ and Hα is ∼1300-1400 km/s, thus slightly higher than the limit used to classify the object as NEL AGN. This value of FWHM and the ratio between [OIII] and Hβ (=1.4) suggests a classification as narrow-line Seyfert 1 galaxy (NLS1, [OIII]/Hβ <3 and FWHM<2000 km/s, e.g. Osterbrock & Pogge 1985) . In the few cases of Narrow Line objects, we have applied, when possible, the diagnostic criteria described in Veilleux & Osterbrock (1987) to separate a starburst galaxy from an AGN or LINER. However it is worth noting that, as discussed in Veilleux & Osterbrock (1987) , the separation between starburst galaxies and AGNs is not very sharp and a mixture of both phenomena could be present in the same object (Hill et al. 1999; Goncalves et al. 1998) . Given the quality of our spectra, we didn't attempt to estimate a correction for Set-up We briefly discuss here the 4 NEL objects for which we can apply the Veilleux & Osterbrock (1987) Set-up a X-ray fluxes, corrected for Galactic absorption, in the 0.5-2.0 keV band in units of 10 −13 erg s −1 cm −2 ; fluxes with an asterisk come from the 1RXP catalog (see text for details) b Radio flux densities at 1.4 GHz in mJy c first column = Grism (400 = Grism 400 l/mm, 420 = Grism 420 l/mm); second column = slit width d Exposure time in seconds For the remaining 4 NEL objects (1REXJ041734-1154.5, 1REXJ220451-1815.5, 1REXJ235139-2605.0, J014716-0008.2) we cannot apply the diagnostic criteria described above. These objects typically show [OII]λ3727 and [OIII]λ5007 lines. All these 4 NEL objects show an X-ray luminosity exceptionally high for this class of source (L X >10 44 erg s −1 ). One of these sources, 1REXJ235139-2605.0, is the cD galaxy of the cluster A 2667 which is very luminous in the X-ray band (2.1×10
455 erg s −1 in the 0.1-2.4 keV band, Rizza et al. 1998) . In other two cases (1REXJ041734-1154.5, 1REXJ220451-1815.5) the CCD image taken at the UH 88" telescope reveals the presence of an overdensity of galaxies around (< 1 ′ ) the radio source thus suggesting that these objects belong to a cluster/group of galaxies. Finally, J014716-0008.2 is probably in a cluster since at least two companions at the same redshift of the radio source, have been found. In conclusion, all the NEL objects presented in this paper with an X-ray luminosity greater than 10 44 erg s −1 probably belong to a cluster/group of galaxies. In these cases, the very high X-ray luminosity is probably originated from the intracluster gas and not from the galaxy itself. Further X-ray observations with higher spatial resolution are required in order to measure the true luminosity of the object. On the contrary, all the isolated NEL objects have a low luminosity in the radio and in the X-ray band (L X <2×10
The classification of the EL objects in Broad Line (B) and Narrow Line (N) objects is reported in Table 5 (column 2) together with the measured redshift and the relative confidence (column 3 and 4), X-ray and radio luminosities (columns 5 and 6), the observed features in emission (column 7) and in absorption (column 8). The luminosities have been computed and K-corrected under the assumption of power-law spectra (f ν ∝ ν −α ). In the radio band we have used the spectral index (α R ) as computed between 1.4 GHz (NVSS) and 5 GHz if the source is included in the GB6 (Gregory & Condon, 1991) Table 3 . Journal of observations carried out at the ESO telescopes. a see Table 2 b see Table 2 c first column = telescope; second column = Grism. The slit width is always 1.5 Table 2 Name NVSS Position (J2000) F Table 2 b see Table 2 c Slit width in arcseconds d see Table 2 catalogs, we have used the flux at 365 MHz derived from the WENSS survey (Rengelink et al. 1997) to estimate the radio spectral index. Finally, if no fluxes at frequencies different from 1.4 GHz are available, we have used the lower limit on α computed taking into account the proper flux density limit at 5 GHz for the GB6 (∼ 18 mJy) and PMN catalogs (from 40 to 72 mJy depending on the declination). These monochromatic luminosities (indicated by an asterisk in Table 5 ) should be considered as lower limits. The actual value of the luminosity is close to these values for low-redshift objects (z<0.5) while it can change up to a factor of 10 for those sources at z>1.
In the X-ray band, the assumption of α X =1 is adequate to convert the count-rate into an X-ray flux (error less than 20%) but it is not good enough for the Kcorrection, in particular for high redshift objects. Thus, we have used the relationships found in Brinkmann et al. (1997) that give the α X as a function of the redshift for a sample of X-ray selected radio-loud AGNs found in the ROSAT All Sky Survey (RASS). In particular, we have used the appropriate relationship for steep spectrum (SS, α R >0.5) and flat spectrum (FS, α R <0.5) radio sources given in Brinkmann et al. (1997) on the basis of the radio slope between 1.4 GHz and 5 GHz. If a radio slope is not available, we have used the relationship between α X and z proper for the SS, if the lower limit on α R (based on the GB6 or PMN flux limits) is larger than 0.5; otherwise, we have used the formula for the FS. The used values of α X range from 0.8 to 1.15.
A separate Table (Table 6 ) contains the EL objects that are not included in the final version of the REX catalog. These sources have been excluded because they do not satisfy anymore the final selection criteria of the REX survey described in Caccianiga et al. (1999) .
We note that the spectra presented here have been collected with the primary aim of identifying the sources and measuring the redshifts. The nominal error on the redshift is ∼0.001 (at 5000Å) but in many cases, given the signal-to-noise ratio of the spectrum, the error is larger (about 0.005 -0.01). When only one strong emission line is present in the spectrum, we have assumed, as usual, that this feature is the MgIIλ2798. We have flagged as tentative the values of redshift computed in these cases (a letter "T" after the value of redshift in Table 5 c Monochromatic radio luminosity at 1.4 GHz in erg s −1 Hz −1 . An asterisk indicates that the luminosity has been computed assuming a lower limit on the radio spectral index (see text for details); Notes:
(1) Also in Iovino et al. (1996) (z=2.25 based on low dispersion prism observations) (2) Also in Perlman et al. (1998) a see Table 5 b see Table 5 c see Table 5 Notes:
(1) Also in Lamer et al. (1997) (z=1.050) (2) Also in Hook et al. (1998) (z=0.91) 12 sources have been observed and identified independently by other authors, in particular during the identification of other surveys that combine X-ray and radio data (i.e. the DXRBS survey, Perlman et al. 1998 and the RGB survey, Laurent-Muehleisen et al. 1998) . Moreover, in two additional cases we have intentionally re-observed the object because the redshift was based on poor quality data (i.e. low dispersion prism observations, 1REXJ005229-3743.8) or we wanted to assess the presence of the H α in emission (1REXJ230311-0859.3). Except for 1REXJ005229-3743.8, for which we have found a redshift significantly different from the one published (1.60 instead of 2.25), in all the other cases we confirm the published values of redshift, with discrepancies below 3% and only in one case of 6%. A footnote in the source name in Table 5 and 6 indicates that an optical identification and a redshift for that object have been already published in literature.
In Fig. 1 and 2 we present the spectra of all the EL objects included (Fig. 1) and not included (Fig. 2) in the REX catalog. The y axis (the flux) has arbitrary units.
Discussion
Although the objects presented here do not represent a complete sample, since the optical identification of the REX survey is still in progress, it is interesting to investigate what kind of AGNs is selected by combining an X-ray and a radio survey. In order to increase the statistics, we have used for this analysis all the Emission Line AGNs discovered in the REX survey so far. In particular, from the 232 EL objects available, we have selected the 226 with a firm determination of redshift. The majority of the objects identified from literature is composed by QSOs, i.e. type 1 objects. For the low-redshift objects the situation is less clear in particular if we want to apply uniformly the same criteria used for the sources observed by us. For this reason, in the following analysis we will not distinguish between Narrow and Broad Emission Line objects.
For all these sources we have computed the ratio (r) of the integrated to the peak NVSS flux densities, resulting from the Gaussian fit to the image (see Condon et al. 1998 for details); r is a good indicator of the compactness of the source at the survey resolution. The majority (74%) of the sources has a r below 1.1, i.e. they are unresolved in the NVSS maps. We note, however, that the NVSS survey has been carried out with the VLA in the less resolved configuration (DnC) and, thus, the corresponding beam is quite large (FWHM=45 ′′ ). This beam, at redshift of 0.9 (which is the mean z value of the 226 sources) corresponds to a linear size of about 470 kpc. Thus, even a typical lobe- Fig. 3 . Distribution of the radio spectral index between 1.4 GHz and 5 GHz (f∝ ν −α ) for the AGN identified so far in the REX sample and for which a radio flux density at 5 GHz was available. The shaded histogram represents the sources with a flux density at 1.4 GHz larger than 200 mJy and falling in the area of sky covered by the GB6 catalog dominated source at this redshift could be unresolved in the NVSS.
In Fig. 3 we have reported the histogram of the spectral indices of the 151 sources detected at 5 GHz in the GB6 or PMN catalog. Ninety-four objects (62%) are FS radio sources (α ≤0.5) and 57 (38%) are SS radio sources. Since compact, flat spectrum radio sources have a higher probability of being detected at 5 GHz (in the GB6 or PMN catalogs) we expect that our distribution is biased against steep spectrum sources. For this reason we have considered the 59 sources with a flux density at 1.4 GHz greater than 200 mJy and falling in the area of sky covered by the GB6 catalog (which is deeper than PMN): all these sources should be detectable at 5 GHz even if their radio spectrum is very steep (α R ∼ 2). These sources, represented by the shaded area in Fig. 3 , are equally distributed between FS (51%) and SS (49%) radio sources. Their average radio slope is 0.41. Fig. 5 . Monochromatic radio luminosity versus X-ray luminosity for the AGNs belonging to the REX survey and for which we have a measured radio spectral index . The circles represent the objects presented in this paper while the triangles represent the objects previously identified. The solid line represents the best least squares fit to the data The redshift distribution of the 226 AGN is presented in Fig. 4 . The majority (96%) of the sources have a redshift below 2. The mean value of z (=0.9) is the same found for the RL AGN in the EMSS (Della Ceca et al. 1994) .
In Fig. 5 we present the monochromatic radio luminosities at 1.4 GHz versus the X-ray luminosities in the 0.5-2.0 keV band. We have considered here only the 151 AGNs for which we have computed the radio spectral index in order to reduce the uncertainties on the determination of the K-corrected radio luminosity which could be large for high redshift objects. Fig. 5 shows a rather strong correlation between the radio and the X-ray luminosities. A least squares fit to the data gives L R ∝L 1.06±0.04 X (solid line in Fig. 5 ). This result is consistent (within 2σ) with a lin-ear (L R ∝ L X ) correlation between the two luminosities. The Spearman Rank-Order correlation coefficient gives a highly significant probability (>99.9%) that the two luminosities are correlated. However, a spurious correlation between luminosities is often observed in flux-limited surveys, due to the artificial correlation between luminosities and redshift. Since we do not see any evidence of a similar correlation between the radio and X-ray fluxes, it is possible that what we observe in Fig. 5 is simply the result of a selection effect. In order to exclude the effect of redshift in the analysis of the correlation bewteen the luminosities, we have used the partial correlation analysis described in Kendall & Stuart (1979) . According to this method, we have computed the correlation coefficient (r xr.z ) between L X and L R excluding the dependence to the redshift in the following way:
where r xr , r xz and r rz are the Spearman Rank-Order correlation coefficients between L X /L R , L X /z and L R /z respectively. The analysis gives r xr.z =0.09 corresponding to a probability for the "null hypothesis" (the two luminosities are unrelated) of ∼25%. Thus, once excluded the dependence to the redshift, our data do not show any strong evidence of a significant correlation between the two luminosities.
The distribution of X-ray luminosities is similar to that found for the RL AGNs in the EMSS (Della Ceca et al. 1994) and it is peaked at L X =5× 10 45 erg s −1 . In Fig. 6 we report the Radio-optical (α RO ) versus the X-ray-optical (α OX ) spectral indices of the 151 AGNs presented in Fig. 5 . These indices are defined in the usual way (e.g. Stocke et al. 1991 and S 2keV are the K-corrected monochromatic flux densities at 5 GHz, 2500Å and 2 keV respectively. The optical flux densities have been derived from the APM (Automatic Plate Measuring) O (blue) magnitude assuming α O =1, while the monochromatic fluxes at 2 keV have been computed from the X-ray fluxes assuming α X =1. In the radio band we have used the flux density at 5 GHz from GB6 or PMN. About 88% of the sources have an α RO ≥0.35, which is the typical limit used to define an object as "radio-loud" (RL, e.g. Della Ceca et al. 1994) .
Conclusion
We have reported the spectra and the main properties of 90 EL objects, 80 of which are newly discovered. Seventyone objects belong to a well defined sample of RadioEmitting X-ray sources, the REX catalog (Caccianiga et Fig. 6 . Radio-optical (α RO ) vs. the X-ray-optical (α OX ) spectral indices of the AGN present in the REX survey. Symbols are the same as in Fig. 5 al. 1999). The majority of the objects presented here show broad (FWHM>1000 km/s) emission lines in the optical spectrum while only 9% are type 2 sources, i.e. Narrow Emission line objects. Except for three sources, all the objects presented in this paper are AGNs (QSOs, Seyfert galaxies, emission line radiogalaxies). The sample contains two high redshift (z=3.47 and 3.49) radio-loud AGNs.
We have then studied the general properties of the 226 AGNs discovered so far in the REX sample, including sources identified from literature. We have analyzed their radio properties (compactness and slope) as deduced from the NVSS data. On average, we select a similar number of SS and FS radio sources despite the fact that the selection has been done by using a relatively low frequency (1.4 GHz) radio catalog. At this frequency, we would have expected a dominance of SS AGNs. The large number of FS AGNs found in this sample is probably due to the presence of the X-ray constraint that favors the selection of compact FS sources. On the other side, the presence of a radio limit favors the selection of RL AGNs. In fact, the majority of these sources (∼88%) is radio loud while only a small percentage (∼10%, Della Ceca et al. 1994 ) of such objects is expected in a purely X-ray selected survey.
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